A large IT company is creating a generic architecting process. Since the company has set an objective to achieve Maturity Level 3 of the Capability Maturity Model Integration (CMMI), the process needs to comply with the relevant requirements set by the CMMI. This paper presents the elicitation of such requirements, and the resulting set of requirements. It analyzes their potential impact on generic architecting processes found in literature. It turns out that many key architectural concepts are at best loosely defined in the CMMI. CMMI is strong in support of the development-related architecting activities, but gives only indirect support for other architecting activities, particularly in a product development context.
Introduction
The setting of this paper is a large IT company, in which it was established that an institutionalized architecting process would help control technical risks in projects and products. At about the same time, a company-wide objective had been set to achieve CMMI Maturity Level 3. This made it necessary to obtain insight into the requirements that architecting processes need to fulfill in order to comply with CMMI Maturity Level 3 1 . This paper documents the process of establishing these requirements. Apart from this paper, we will elaborate on the establishment of this architecting process in a separate paper that is still under development.
As references we have chosen two generic processes found in literature: Architecture Based Development [1] , because its scope is close to our purpose and because it represents one of the better known approaches to architecting in both industry and academia, and Hofmeister et al. [2] , because their model represents the commonalities between five industrial approaches.
First, in Sect. 2 we will present the organizational context and scope of a generic architecting process. In Sect. 3, the CMMI Process Areas that are relevant to such an architecting process will be identified, and their requirements on architecting processes extracted. In Sect. 4 follows a discussion on the impact of the CMMI requirements on 1 CMMI Maturity Level 3 is abbreviated to CMMI Level 3 in the rest of this paper. generic architecting processes found in literature, and on the coverage of architecting processes by CMMI. We will finish up with some conclusions and further work to be done.
Architecting Process Context and Scope

Organizational Context
The analysis described in this paper was done by and for an IT Corporation of 40,000 people across 41 countries. The company has a diverse business portfolio, consisting of services centered on business consulting, systems development and integration and IT and business process outsourcing.
One of the company's Technical Directorate's activities is controlling technical risks in the various IT projects and products. It was felt that technical risk control could be enhanced by developing and institutionalizing a process that would provide guidance for making technical decisions: in short, an architecting process. Two of the authors of this paper work within the company's technical directorate at group and subsidiary levels, and have terms of reference that include management of technical risks.
The decision to institute an architecting process coincided with the setting of a maturity objective by the company's executive management. Encouraged by benefits experienced through local CMMI driven process improvement, management set an objective to achieve CMMI Maturity Level 3 for relevant organizational units throughout the whole company. This meant that the architecting process to be developed would be subject to the requirements set by the CMMI.
Scoping an Architecting Process
The terms Architecture and Architecting are used in a great variety of meanings in the IT world. Rather than risking a non-converging discussion on the meaning of the terms, it was decided to scope the architecting process in terms of a set of business goals and usage scenarios. The details of this work and the resulting process description will be the subject of a separate paper. For the purposes of this paper, a high-level summary is provided:
Business Goals. The business goals and usage scenarios were analyzed to determine the scope of the architecting process. Apart from literature and the existing experience of the authors, additional input for the analysis came from other stakeholders, specifically the company's sales community, quality assurance community and technical community, obtained in a workshop.
The most significant elements in the outcome of this analysis are listed below.
-Analysis of the business goals and experience indicates that architectural decisions are critical to the success of projects in terms of cost and timing of delivery. The process should therefore give guidance on how to identify and make architectural decisions. This matches requirements from CMMI about decision analysis and resolution, and with recent publications about the status of architectural decisions [3, 4, 5] . -Many architectural decisions are made during the sales phase of projects; the architecting process has to facilitate that process. -A certain level of reviewing and control has to be facilitated by the process. This is the convergence of the architecture assessment practices from literature [6, 7] , and the responsibilities of the authors to control technical risks. Not only are reviewing and control necessary parts of the process, it also has to be facilitated by a certain level of standardization in documentation of architectures. -The involvement of architects in the implementation phase of solutions is essential in order to assure that the selected solution will be adequately implemented conforming to the architecture. The architecting process has to facilitate this. -To contribute to the business goal of knowledge incorporation, the process should support a structure for organizational learning from experiences. Learning points may be both process-related (like best practices) and product-related (like best architectural constructs). -The objective is to implement a process that gives guidance on aspects of architecting that are not specific to particular types of applications, e.g. not just software development, but also system integration, ERP implementations, and embedded system development. This means its concept of "architecture" covers both software and system architecture. For such a generic process to be useable, it must be accompanied by a set of guidelines for tailoring the process to the specific needs and characteristics of the usage environment. This is also required by CMMI Generic Practice 3.1 "Establish a Defined Process".
The result of all this is an architecting process description under development that focuses on requirements analysis, architectural decision making, shaping, selection and evaluation of the best-fit solutions, documenting and implementing architectures and controls like architectural governance and reviewing.
At the time of writing this paper, it is being considered to extend the scope of this process to better support the product development scenario, by adding e.g. reusable asset harvesting and product roadmapping.
The scope of what is meant by an "architecting process" in this paper is documented as a list of requirements 2 in Table 1 . In Sect. 4.1, we will identify a number of generic architecting processes in literature that are similar in scope.
The scope of the architecting process has been determined by the analysis of the business goals and usage scenarios, with limited consideration of CMMI. We will now focus on the influence of CMMI in more detail. 
Architecting and CMMI
The Capability Maturity Model Integration (CMMI) is a process-improvement model developed by the Software Engineering Institute (SEI) of the Carnegie Mellon University. It is scoped towards the development, acquisition and maintenance of systems or services.
The "staged representation" of the CMMI consists of five maturity levels. With increasing maturity level, the process capabilities increase, resulting in a higher probability that development or maintenance targets will be realized. Each maturity level consists of a number of Process Areas (PAs). Each PA consists of a small set of "goals" followed by a collection of practices that must be performed in order to realize the goals. A process complies to a certain maturity level if the goals and practices of all PAs of that level are satisfied. The PAs are customarily referred to by a set of fixed tags; all level 2 and 3 PAs and their tags are listed in Table 2 .
Goals and practices of a PA are divided into specific ones and generic ones. Specific goals and practices directly refer to the PA itself, whereas generic goals and practices represent mechanisms to institutionalize the specific goals and practices. These practices are called generic because they apply to multiple PAs. CMMI Maturity Level 3 requires that for all PAs belonging to Level 2 and Level 3 a "defined process" is established. A defined process is tailored from the organization's "standard process" according to a set of tailoring guidelines. In addition, a defined process has a maintained process description, which implies that all (generic and specific) practices are described. For more information, the reader is referred to [9] or [10] .
This section starts with an exploration of what a CMMI Compliant Architecting Process actually means. This is followed by a discussion on the use of architectural concepts in the CMMI. We then proceed to identify the Process Areas that have a significant contribution to architecting according to the scope set out in Sect. 2.2. We call this set the Architecting Significant Process Areas (ASPAs).
CMMI-Compliant Architecting Process
The boundaries (scope) of the architecting process are determined in Sect. 2.2. Because of the structure of the CMMI, the practices related to this process may be distributed over a number of Process Areas.
The CMMI Level 3 coverage of the architecting process can be obtained by analyzing every Level 2 and Level 3 specific practice to determine whether or not the practice is inside the scope of the architecting process. The generic practices of Level 2 and Level 3 will always be in scope because they apply to all PAs. This analysis will be performed further on in this paper. Figure 1 illustrates the CMMI coverage of the architecting process. As can be derived from the figure, the architecting process may include elements that are not covered by CMMI Level 3. These may for example be elements that are beyond the scope of system development (like architectural roadmapping) or elements that are considered critical for a successful architecting process but cannot be found in the CMMI.
Summarizing the above information, it can be stated that a CMMI Level 3 compliant architecting process:
-has a maintained description of all specific and generic practices that are in scope of the architecting process (the square box in the figure) -has a maintained description of guidelines to tailor the process to the specific needs and characteristics of the usage environment -is consistently deployed inside the company in the context of the user scenarios referred to in Sect. 2.2.
The scope of this paper is the determination of the practices that should be part of the maintained description mentioned in the first two items. These practices will be presented as a list of requirements imposed on an architecting process description. In Sect. 3.3 we will present the elicitation of these requirements, but first we will have a more general look at the use of architecture concepts in the CMMI.
Architecture Concepts in the CMMI
The word "architecture" is used extensively in the CMMI. It appears in 7 out of 25 Process Area descriptions [9] . The CMMI is a collection of industry best practices and not a formal theoretical model. Effort was put in making the model consistent and unambiguous, but many parts are still subject to different interpretations.
Architecture itself is not defined in the CMMI glossary. The word is mostly used informally to denote a number of concepts, some of which are related to our architecting process, and others are not.
Architecting the company processes: the CMMI describes how to set up and maintain a company's processes in order to best achieve its business goals. The design and overview of these processes and their alignment with the company's IT resources require architecting skills. This type of architecting is relevant in the OPD and OPF processes. It is outside the scope of this paper as defined in Sect. 2.2. Architecting the product: the bulk of the CMMI PAs describe how to improve systems and software engineering processes. Architecting is an essential part of those processes, especially RD, TS, PI, PP, REQM, DAR and RSKM.
Furthermore, several architecture-related terms are defined in the CMMI glossary:
Functional Architecture is defined as "The hierarchical arrangement of functions, their internal and external (external to the aggregation itself) functional interfaces and external physical interfaces, their respective functional and performance requirements, and their design constraints." Process Architecture is defined as "the ordering, interfaces, interdependencies, and other relationships among the process elements in a standard process". This concept is on a different level than the "architecture" in the architecting process as described in this document. Shared Vision is defined as "a common understanding of guiding principles including mission, objectives, expected behavior, values, and final outcomes, which are developed and used by a group, such as an organization, project, or team."
A significant finding is the fact that "product architecture", though used extensively, is not defined in the CMMI glossary.
These considerations show that the concepts and terms relevant to architecting are generically defined (e.g. Shared Vision) or not defined at all (e.g. Product Architecture) in the CMMI. Hence the terms provide little guidance in themselves. The word architecture is used in many different ways, making it inadequate as a basis to establish direction for an architecting process. We have therefore selected a different approachto establishing the CMMI requirements on an architecting process, which will be the subject of the following section.
Process Areas Relevant to Architecting
Our approach to establish which requirements CMMI imposes on architecting processes is to first identify which PAs are relevant for the process, and then to extract requirements on the process from the practices in their descriptions. An analysis of the CMMI Level 3 PAs against the architecting process scoped in Sect. 2.2 results in a set of PAs that have a direct and significant contribution to the objectives of this process. As discussed before, these PAs are called Architecting Significant Process Areas (ASPAs).
The PAs of the CMMI are grouped into four categories:
Process Management. These PAs contain the activities related to defining, planning, implementing, monitoring, evaluating and improving all other processes. The architecting process is subject to these process management PAs in order to assure the required level of capability. Project Management. These PAs cover the project management activities related to planning, monitoring and controlling the development or maintenance project. The architecting process is generally performed in the context of a project. Engineering. These PAs cover the development and maintenance activities that are shared across engineering disciplines (e.g. systems engineering and software engineering). The architecting process falls mainly within these PAs. Support. These PAs cover the activities that support all other PAs like establishing measurement programs, verification of compliance, and effective decision making. The architecting process is also subject to these PAs. Table 2 identifies the categorized set of Level 3 PAs and indicates which PAs have been qualified as an ASPA. It should be noted that all PAs of the CMMI contribute to the objectives of the architecting process. Their contribution may be direct because the PA is actually part of the architecting process, or indirect because the PA is establishing the context and preconditions for a successful architecting process.
As stated before an ASPA has a direct contribution and this contribution should also be significant. This is the case for all Engineering PAs, one Project PA (Risk Management, RSKM) and one Support PA (Decision Analysis and Resolution, DAR). Both RSKM and DAR are actually part of the architecting process and contribute significantly to its objectives. The architecting relevance of the set of ASPAs is shortly explained below. Where relevant, underpinning references to the CMMI text have been added in [braces] .
REQM Requirements Management. The role of architecting in Requirements Management focuses around the impact of requirements and their traceability to the architecture.
[Specific Practice 1.1 Obtain an Understanding of Requirements describes the process of the acceptance of requirements according to objective criteria. "Does not break the architecture" is an important criterion to assess requirements, implied in the example criterion "Appropriate to implement". It is also implicit in the impact VER Verification. Verification is an essential part of the architecting process because its purpose is to ensure that the work products of this process meet the specified requirements. Typical work products of the architecting process are the architecture and design documents and the architecture and design itself. Means for verification may be peer reviews (for documents) and architectural assessments. Verification activities should be prepared, performed, the results analyzed and corrective actions identified. VAL Validation. Validation is in fact a variant on verification but its objective is to demonstrate that a (work) product fulfills its intended use (i.e. that it meets user needs). Regarding the architecting process, the work products and means for validation are similar to verification. DAR Decision Analysis and Resolution. Key to architecting is decision making [3, 4] .
The DAR process area prescribes a formal evaluation process for decisions of this kind: evaluation criteria should be established, alternatives should be identified, evaluation methods selected, alternatives evaluated and a solution selected. There should also be guidelines establishing which decisions should be subject to this formal evaluation process. RSKM Risk Management. Better risk management is one of the business goals of the architecting process. The inherent risk in a requirement is an important factor in determining whether or it is an architectural requirement. [A requirement that, when not fulfilled, heavily "impacts the ability of the project to meet its objectives" (SP1.1 Determine Risk Sources and Categories), has a good chance to be considered architectural. The RSKM process area prescribes how to deal with such risks: risk parameters should be defined (SP1.2), a risk management strategy should be established (SP1.3), the process should give guidance on how risks are identified and analyzed (SG2), and mitigated (SG3). Insofar as architectural requirements involve risks, they should be treated the same way.]
An analysis of the texts of these ASPAs yields the requirements imposed on the architecting process by the CMMI. These requirements are listed in Table 3 . In agreement with the nature of the CMMI, this table is effectively a list of 67 best practices that support companies in creating and implementing an architecting process. The tags allow traceability to the PAs that the requirements originated from, and give the list a clear structure. The largest contributor is TS with 31 requirements, confirming our earlier observation that TS covers the core of architecting. The next largest contributor is RD with 16 requirements, indicating that an architecting process within our scope includes 
Discussion
In this section, we will discuss our results in conjunction with two generic architecting process models found in literature, and we will discuss the coverage of architecting processes in CMMI.
Generic Architecting Process Models in Literature
The CMMI imposes requirements on processes used by organizations. So if an organization were to institutionalize an architecting process based on a model found in literature, what would that organization have to do to make their architecting process CMMI level 3 compliant? Although this analysis of CMMI's influence on architecting processes was based on an initial scope set out in the context of a particular company setting, the results of the analysis should be relevant for other generic architecting processes. This section explores that relevance. We examine the impact of the CMMI requirements derived in this paper on two generic architecture process models found in literature: one from a technical report and one from a recent conference paper. Please note that the architecting process models treated here differ significantly in scope: one focuses on design and analysis and the other focuses on architecture playing a central role throughout the software development lifecycle process. Also note that the models only roughly overlap the architecting process scope set out in Sect. 2.2. A discussion on how exactly these processes match or mismatch this scope will be presented in a separate paper.
Architecture-Based Development (ABD)
. This is the generic architecting process as developed by the Architecture group at the SEI. It is described in [1], but aspects of it are present in most of the publications of the SEI Architecture group (e.g. [11] ). It is used as a reference here because its scope is close to that determined in Sect. 2.2, and because it represents one of the better known approaches to architecting in both industry and academia.
The ABD process consists of six steps: Table 4 . ASPAs Mapping onto ABD Steps Table 4 shows how the ASPAs map onto these steps. In order to make the ABD process CMMI Level 3 compliant, each of these steps should be implemented in such a way that the practices belonging to the ASPAs related to this step are satisfied. The following explanation applies to this mapping:
-RD is not only mapped onto the Elicit step but also onto the Design step. This is because the establishment of the "functional architectural structure" as part of this step is actually a practice that is part of RD. -VER activities start from the Design step because, as discussed before, verification refers to the requirements produced during the Elicit step. -The ABD process defines that each step includes validation (VAL) activities. For the Elicit step this refers to the validation of behavioral and quality scenarios. -The Maintenance step is not well defined and scoped in the ABD process description. The existing text refers to means to prevent that the architecture drifts from its original precepts due to poor maintenance. This may include activities to extract the architecture of the as-built system, verify its level of compliance with the architecture of the as-designed system and performing the required corrective actions. In this respect, TS and VER should be mapped onto the Maintenance step. -Because RSKM and DAR generally support all development and maintenance activities, they are related to all steps of the ABD process.
Generalized Software Architecture Design Model. In [2] , Hofmeister et al. compare five industrial approaches to architectural design, and extract from their commonalities a general software architecture design approach. The approach involves three activities:
1. Architectural analysis: define the problems the architecture must solve. This activity examines architectural concerns and context in order to come up with a set of Architecturally Significant Requirements (ASRs). 2. Architectural synthesis: the core of architecture design. This activity proposes architecture solutions to a set of ASRs, thus it moves from the problem to the solution space. 3. Architectural evaluation: ensures that the architectural design decisions made are adequate. The candidate architectural solutions are measured against the ASRs.
It should be noted that this generalized model is of a higher level of abstraction than the ABD process discussed before, and that its scope is explicitly limited to the Design step of architecting. Table 5 shows how the selected set of ASPAs map onto these activities. In order to make a process based on this generalized model CMMI Level 3 compliant, each of these activities should be implemented in such a way that the practices belonging to the ASPAs related to this activity are satisfied. The following explanation applies to this mapping:
-Unlike the ABD process, the generalized model has limited its scope to the design step of the architecture. For this reason, PI and VAL cannot be mapped to this model. An informal visualization of the overlap between CMMI and the architecting process is presented in Fig. 2 .
A note on the meaning of the fact that these elements are not covered by CMMI. We have not made any statement on the relative merits of these elements. One could argue that this lack of coverage is a shortcoming of CMMI; conversely, one could argue that, given the success of CMMI, how do we know that the elements in the square aren't by themselves good enough for an optimal architecting process? The current state of affairs does not allow us to answer this question in a general sense; the analysis in Sect. 2.2 merely indicates that in the current organizational setting, the elements would contribute to achieving the business goals set.
Conclusions and Further Work
Our starting point in this paper was a large IT company with a need to institutionalize a generic architecting process that is compliant with CMMI Maturity Level 3. To this end, we have studied and discussed the relation between architecting and CMMI, resulting in the identification of PAs significant to architecting, and a list of requirements to make a generic architecting process compliant with CMMI Maturity Level 3. Furthermore, we have compared our findings with two well-known process models from literature.
We have concluded that:
-Architecture is not a well-defined concept in the CMMI; the word is used in many meanings, most of which are not defined in the glossary. -CMMI implicitly provides considerable support in establishing an architecting process. However, in some areas of architecting, the CMMI only gives indirect support. The weaker areas are documentation, facilitating the implementation of the architecture, and learning from architectural choices. -In product development contexts, there are two activities generally associated with architecting that are insufficiently supported by the CMMI: architectural roadmapping and the exploitation of reusable assets.
Besides these conclusions, other relevant findings worth mentioning are:
-Although the scope of this paper was limited to CMMI Level 3, an investigation of the level 4 and 5 PAs shows that none of these are Architecting Significant according to our scope. This resonates with remarks made informally by Grady Booch [12] . -Although architecting is generally viewed as an engineering activity, two PAs outside Engineering are crucial to a good architecting process: RSKM and DAR.
Further Work. The work described in this paper was based on CMMI version 1.1. Since August 2006, CMMI version 1.2 exists. This is the "CMMI for Development". There are now three CMMI variants: Development, Service and Acquisition. Since support for CMMI 1.1 will be dropped in time, we will update the work in this paper to CMMI 1.2 for Development in the coming months.
As has been mentioned previously in this paper, the work described here was done in the context of designing a generic architecting process for a large IT company. Since this other work also yielded some interesting insights, we will describe it in more detail in a separate paper, which will also contain a comparison of our developed architecting process to the generic architecting processes discussed in Sect. 4.1.
An architecting process that complies with a maturity model also begs a comparison with Architecture Maturity Models (AMMs), such as the IT Architecture Capability Maturity Model (ACMM) developed by the US Department of Commerce [13] . This comparison could be subject of a future analysis. Conversely, the development of architecting enhancements to the CMMI would be an attractive idea for CMMI-compliant companies that wish to enhance their architecting maturity levels, but would rather not introduce another maturity model on top of CMMI. This could be another interesting avenue to explore.
